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ABSTRACT High corrosion resistant organic coatings are widely used for various industrial applica-
tions. These coatings normally have service life as long as tens of years. It is of great scientific interest
and engineering significance to rapidly evaluate and compare the corrosion resistance of different long-
life organic coatings. Different from the negative DC voltage used in the published AC/DC/AC (alternating
current/direct current/alternating current) cyclic method to cathodically polarize an organic coating system
before AC electrochemical impedance spectrum (EIS) in each cycle, a positive voltage was employed in
this paper for the DC polarization in the AC/DC/AC cycling. The modified AC/DC/AC technique proved to
be able to accelerate the damage of an alkyd varnish coating on carbon steel and thus quickly evaluate
the coating corrosion resistance. Based on the measured impedance spectra and the recorded surface
morphologic changes, the acceleration processes involved in the coating corrosion damage were ana-
lyzed, and a physical model for the accelerated failure of the coating/metal system was proposed. Based
on the experiment results of electrochemical impedance spectroscopy and corrosion morphology from
the immersion test, AC/cathodic DC/AC cyclic accelerated test, and AC/anodic DC/AC cyclic accelerated
test, it shows that the evaluation method with the combination of cathodic and anodic polarization will be
one of the effective and reasonable methods to evaluate the performance of organic coatings.
KEYWORDS organic coating, electrochemical impedance spectroscopy, accelerated corrosion,
cathodic polarization, anodic polarization
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属体系被暴露在测试液中并定期 (间隔 260 min)进
行 EIS测试直至涂层失效 (|Z |0.01 Hz＜107 Ω·cm2[25])。
由于涂层在浸泡120 min后仍不能得到稳定的开路电
位，考虑裸露无膜的45#钢开路电位相对Ag/AgCl电










同)；(2)随后施加一直流恒电压 (-4 V或4 V)进行极
化，极化时间为 20 min；(3)记录体系的开路电位随
时间的变化直到该体系再次达到一个新的稳定状





































2.2.1 AC/阴极 DC/AC 图5a是有机涂层/金属
体系在阴极电位极化条件下的EIS谱。有机涂层/金
图1AC/DC/AC程序示意图
Fig.1 Schematic diagram of the AC/DC/AC test procedure


















Fig.2 AC impedance Bode plots of the coated steel after
immersion for different soaking time (a) and equiva-
lent circuit of EIS of the coated sample after total
79.9 h immersion (b)
276
3期









Fig.4 Surface morphologies of the coated steel before (a) and after (b) 79.9 h immersion and failure mod-
el of the coating/metal system during soaking (c)
图3试样浸泡过程中电化学参数随浸泡时间的变化
Fig.3 Evolutions of Cc (a), Rpo (b), Cdl (c) and Rct (d) derived from EIS data for the coated steel with soaking time





























































































2.2.2 AC/阳极 DC/AC 图 8a是有机涂层/金属
体系在阳极电位极化条件下的EIS谱。结合初始的
lg|Z |-lgf曲线可知，有机涂层具有优异的金属保护能
























Fig.5 AC impedance Bode plots (a) and current density vs time curves (b) of the coated steel at different cycles of
AC/cathodic DC/AC test (b)














     1 st: 6.58 h     2 nd: 11.16 h     3 rd: 15.75 h Fiting data
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4OH- →O2 + 2H2O + 4e- (4)
由于Cdl值随界面腐蚀区域的扩大而增大，随腐
蚀产物的积累而减小，故Cdl值随极化次数的增加呈





Fig.7 Optical micrographs of the coated steel before (a) and after (b) AC/cathodic DC/AC test and failure
model of the coating/metal system due to AC/cathodic DC/AC cycling (c)
图6AC/阴极 DC/AC条件下的电化学参数随极化次数的变化
Fig.6 Evolutions of Cc (a), Rpo (b), Cdl (c) and Rct (d) derived from EIS data for the coated steel during AC/cathodic
DC/AC cycling test



































































Fig.8AC impedance Bode plots of the coated steel at different cycles of AC/anodic DC/AC test (a) and current densi-
ty vs time curve during the seventh cycling test (b)
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Fig.11 Failure model of the coating/metal system under anodic polarization
图10有机涂层/金属样品在AC/阳极 DC/AC条件下表面形貌的变化
Fig.10 Optical micrographs of the coated steel before (a) and after (b) AC/anodic DC/AC test, optical mi-
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